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LOW- s*m) CHARACTOISTICS HI *ITCH OF A is2° SWETTRACK 

van WITH ASPECT PATIO ?..9 AND 

CISCTJLA2-APC AOFOF, SECTIONS 

By Robert IT. "eel;.- and Willlan Koven 

StKMASY 

Results ore presented o' tosrtr made in the L.in-ley 19-foot 
pressure tunnel to determine the lov-upeed p'tch characteristics 
of i U?° nweptback wins with circ-vy-cm ai.'foi.l r-ectlone,  an 
assort ratio of ?."). ar.d B '•.".po'r ratl" of O.^"1?.   The effects on 
the wtnr craractcrirtlcs <~f ex'renctblo round-nose leading-sdre 
flans located on the: o-'tbo'ir' 70 percent of tho somisDan,  and of 
a fnoeTago v<th fineness ratio 10.2 locale! In 3ov, midUc, and 
hiph positions wero inveotiisate'l.    The tertn covered a fingo of 
Peynol.ls mriabrr fro?. ••.0? :. ?.0^ to 9.60 - 10^. 

The rhari.ctt-rlstlcs of the taala winr. froa low-speed considera- 
tions were p'icr.   Maximum lij't coei'ficien+s of nbunt O.to and 0.9^ 
were obtalne'. for the plain win* an'  fcr tho wirf/ vlth half-span 
split, flaps deflected 6c°. respectively.   I«i'He unstable variations 
ir pltchlnf arment oaured by tin etal1!^ and appreciable Increases 
In drag occur-.-ed at moderate T. -len of attach.   TM wing with 
lcadin^-e-i/o flaps exhibt>d reasonably .-,"od ciinraoterlstics.   The 
addition "f Viadlnt-ed^e l'lane increased    CT.        to 1.18 for the 

inn* 
wln« wlthort split flaps end to 1.52 'or (fee wine "1th oplit flaps 
anl ellnini.tert the lar^o unstable var'.atlonn la pitching moment by 
delaylm-. stalllnc over the ou*bot""i soctinna of t'.ie wing.    The 
fuBela.^e In iny of tho three ponittrns p'-ecijrel no lnrmj effects on 
the chnwuteristtco cf the bntlc w1n>;.    For the Ma| vlth luadlnt?- 
tidge *lpp.i the pitoMnr-fflomert vrriat'on near MStalsl 11 "t wen 
reversed :"rom a ntaMe to an unstable condition by the addition of 
tho fuselare In the mi-'llr pi.sltlon.   Over the ra.v e of Reynolds 
number teste-l, the"e wv.s no iippreolable scalp offect on the 
characterI sties of tho wing. 

A cowp"„-loon of the basic win" characteristics with those of 
ar NACA Ax>lU   twop'back    ,-lnjj with nea^lv idonttcal plan l'orm 
reveals'] that, from lo---n »i»d oonolJe/atlons,   the basic clr-cular- 
arc win*, was deei.iodly taflwrlor In most respectn to the 6U-nor1es 
wlnn.   With lea'Jln^-ed'-e flair tin che.rarterlatics of the two 
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vlflga more nearly approached •aob other, although the drag of the 
olrcular-arc wing was still considerably higher than that of the 
6Veerlee wing. 

OTSOODCTIOII 

She use of sharp leading-edge airfoil aectlona on swept wings 
haa been contemplated aa a Beans of reducing drag at supersonic 
Yeloclties- Inasmuch as adverse longitudinal stability and stalling 
characteristics 021 swept wing3 with conventional profiles have been 
encountered nt low speed in previous investigations, it was considered 
desirable to investigate the lcw-c^eed cIiuructerieti'--E of u swept 
wing with a eharp leading edge. /. series A'  tests were made, there- 
fore, in the L-uvgley 19-i'oit presture tunnel on a wing tevlng 42° 
swcepbaclc at the leading edge uid incorporating thin sycaetrlcel 
cli-culer-arc airfoil sections. The wing had ur. aspect ratio ol" 3-9 
and a taper ratio c- O.G?5- 

The characteristics of the besic wing In pitch with and without 
SO-percent semi span split laps wore obtained frca force measurements 
and stall studies ovor a ringe cf Reynolds number from 3.09 x 10" 
to 9-GO x loo. To investigate the possibilities of Improving the 
characteristics of the wing by meins of a leading-edge device, two 
types cf leading-edge flaps, a Hat and a curved ilap, of approxi- 
mately 7^-percent span were tected- The ei'i'ects of a fueeltige in 
sever'il vortical positions on the characteristics of the wing were 
also determined' As an aid in evaluating the results of thie 
Investigation, the data are compared with the results of tests of 
a wing with nearly Identical plan fonti but Incorporating SACA 6^-112 
airfoil sections (references 1 and 2)• 

comems AKD SYMBOLS 

The data are referred to a set of axes coinciding with the 
wind axes. All coefficients are bcaed upon the dimensions of the 
basic wing- Pitching menents are computed about the quarter chord 
of the mean aerodynamic chord. 

Oj,      lift coefficient (l/qp) 

CT      maximum lift coefficient 

Cp      drag coefficient (s/qs) 

-*<*«,. 
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pitching-moment coefficient   (K/qj3a) 

Reynolds number    (pVS^) 

Hach number    (V/a) 

angle of attack of wing chord lint 

rate of change of pitching moment with lift coefficient 

lift 

dreg 

pitching moment about quarter chord of aean aerodynamic 
chord 

wing area 

mean aerodynamic chord measured parallel to the plane 

of symmetry (C+) 
dlatanee from the leading edge of the chord at plane of 

aymaetry to quarter-cnord point of the mean aerodynealc 
"  'h/2 

chord   I si        cz .Wo  cx7 
longitudinal dlstcnce, parallel to plane of symmetry, 

from the leading edgt of the root chord to quarter- 
chord point of each section * 

local chord measured parallel to the plane of symmetry 

apamri.se coordinate 
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A 
T 

P 

V 

a 

•pan 

free-stream dynamic pressure (mfPt* ) 

free-stream velocity 

naos denolty of air 

coefficient of viscosity 

Telocity of sound 

MODEL 

A sketch of the vine and fuselage Is presented in figure 1 and 
a photograph of the wing is shorn in ficure 2.   The wlnrr had an 
aspect ratio of 3.9'* and a retio of Up chord to root eho-A of 0.62?. 
A straight lino connecting the loading edge of the root and 
theoretical tip chords vas swopt hack U2.O50.   The wing, which was 
of solid steel conr.tAiction, van fab'-icivted with u constant, -•"tid-'ao 
of 83 .?5 Inches at each oparvioe section in a plrurm pe.-pcmllcuJn.r 
to the lir.c of sax!our. thicVnens indicated ii-. i'ltjuro 1.    Consequently, 
the leading and tmilina: edtJes we:-e all^htly curved, th? ;.»ixl-ilia 
deviation fro.3 a ntiTVlfht lire Jolrlng the loa-'in^ edge:) of t*o 
root oni tip chor*.:; being tibout O.lt inch.    The airfo51  neclior.n 
normal to the lino of maxiiu-n thickness were uyisietrical cii"eula;*- 
arc sections having a aiuri.su". thictaieos at 50 po"oent chord of 10 per- 
cent at the root and <S.k pe: cent ut the tip.    (S-JO fig. 1.)    tamllel 
to the plane of oyviaotry, the vln,ri hud a tiileimoos of 7.9 percent 
chord at the root nnd 5.2 percent chord at tho tip.   The ving vao 
lacquered and sanded to ofctnln a euooth ourface. 

The fuselage was circular In cross section an;' had a fineness 
ratio of 10.C.   The maximum diameter was UO pa-cc-nt of the root chord. 
The center ooc+ion hid reniovatle blocks to pemit attachment to the 
wing at throe vertical position".   (See fig. 1.)    Ordinates for the 
fuselage are presontcd in table T.   The fuselage was eonotvueted of 
laminated muhogany and lind a s 100th finish. 

The model was provided with 20-porc.ont-chord trailing-ed,-^ split 
flaps which wore deflected C0° from the lower rurf'ico of the wing in 
a plane nonal to the SO-percont (hinge) chord, lino.    (Dee fi<j. 3.)    For 
moat of the wlng-clono tests, these flaps extended over the inboard. 
50 percent of the wing semlspan, but for the wine-fuselage, toots 
and for soveral wlrg-alone tests a section of each flo;i (1B.U percent 
of the wing semlapan) was removed at the center portion of the wing. 
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These two split-flap confirur.itiona are hereinafter referred to as 
continuous end cut-out split flaps. 

Two types of leading-edge flaps were tested; one was flat in 
cross section and the other, curved. A schematic drawing giving 
pertinent dimensions is presented in figure 3 and a photograph of 
the leading-edge flap installations is given in figure U- The 
flaps were of constant chord and extended from the 28-percent to 
the 97-5-percent-ecaispan station. The flaps were approximately 
12 percent chord end 13 percent chord at the inboard and outboard 
ends, respectively, mid were deflected 37° down from the wing chord 
line in a plsno perpendicular to a lino Joining the leading edges 
of the root and tip chords- The area of the leading-edge flaps 
vac i-.pprcximately io percent of the wing area. A nose radius was 

obtained by welding a 7}-inch steel tube to the steel flap and then 
fairing to give a smooth contour. 

TECTP 

Tests were made in the Longley 19-foot pressure tunnel with 
the air cempressed to 33 pounds per square inch absolute* The 
wing vac cupported M shown in figure 2. Lift, drag, and pitching 
accent were measured for the following values of Reynolds number 
and Much I'.umbor: 

R •o 
3.09 x 106 

5.32 
8.20 
9.G0 

0.066 
.114 
•179 
.215 

The majority of the teeto were conducted at Reynolds numbers 
of 3.09 x 10*> and 6.90 x 10*>. Some wing-alone tests were run at 
a Reynolds number of 9-Co :; 1C^ and the a xfelxiutien of midwing 
fuselage and flat-loading-edge flap was tected at a Reynolds 
number of 5.32 x 106. The stall characteristics cu* most of the 
configurations were studied an a Reynolds number of 8.20 x 106, 
but the flat-lcading-edge flap configuratione were investigated 
at a Reynolds number of 5-32 x 1 •''• The etcll studies were made 
by visual observation and from motion-picture records of the 
behavior of wool tuftB attached to the upi»er surface of the wing 
at the 10-, 20-, I+0-, 60-, fiO-, and 90-percent-choi-d stations. 
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CCKRECTIOK3 TO DATA 

The data presented herein have 'been corrected for support 
tare and interference effects and for al.—stt-eam nisalinement. 
The Jet-boundary corrections to the angle of tttcck and drag 
coefficient wore C8lfxil.".teA i':-cm reference 3 and arc as follows: 

£a - 1.00 Cg, 

acjj - 0.0152 oi,2 

The correction to the pitching-racnent coefficient an* to the tunnel- 
induced distortion of the wing loading is 

*!„. O.OOiiO!, 

All corrections were added to the date. 

RESULTS AND DI5CTJSSIGK 

The resulto of the Investigation of the plain vlng and the 
wing with split flaps (hereinafter referred to as basic vlng 
configurations) are presented in figures 5 and 6*    These data 
are cwapared in figure ^ with data on the NACA St-aeries wing 
of reference 1>    The dPt:- Tor the lcading-edge-fl'.p tests we given 
in figurec 8 to 11, and the resulto of the ving-fuaelo/re investi- 
gation are presented in figures 12 to 1U.    To rtEi:is: in interpreting 
the llft-di-ag variations in terms of power-o:'f rlidinp chart* ?terlstlCB, 
contours of constant gliding speed and constant vertlcul (nluklnc) 
speed aro nuperlnporod .n the lift-drug polios of severtl •:onfipu- 
rstions in i'lgure 1„.    For the cjiintr.n; speed cvjntou.'a :; wing loading 
Of ko pounds per so/we f-iot vis nomced.    'Die effects) .11' the lubding* 
edge flaps nnd Ihe fucelage on the l'jngltudinol-atsMllty Fa-^saeker 

—S   are chown in figures 16 and IT-    A brief euwnaj-y of a one of 
dCj, 
the important characteristics of the wing in various configurations 
is presented In table II. 

,*:.*£•,„. 
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The effecto of Reynolds number on the characteristic8 of the 
wins wsro small over the ranee Investigated.   For thin reanon data 
showing .the effect of Reynoldo number are 3lvon only for the basic 
wing configuration. 

Characteristics of Basic Wing 

Stalling characteristics.- The resuits of the otall studies 
are present'! in fifu-e 5.   For the ,*,la?n-off configuration the flow 
assumed a spuiwise direction towardB the tip tioar the leading edge 
cf the wing at low lift coefficients.   The region of outflow gradually 
increase1'., both epanwiso .ind ohoruwlBe, until at   Cj, a 0.5 stalling 
be^an at tho leading ed.^e of the *-ln« tip.   The stall then progressed 
slowly inwar* and renrv-ird ns the angle of attack was Increased. 

The ct':ll pattern for the win? vith split flapn was 'ilmllar to 
th*t for the pl&5n vin--: oxeept taut, the et/Jlln': at the tip began 
at a higher lift "oe"i'ir:ieni  inS extended over a larper portion of 
the short• 

Force •ihypctcrlrtlrs.- Data -'l^en in figure 6 for Reynolds 
nunbers of 3»00 x 10" Hot 9A >   10° stow tint no appreciable scale 
effects in thlc Reynolds Bssjosr rim?? weie evid'ticed for tlie wing 
with either the spilt flapr off or on.   At m derate to hiajh angles 
of attack the p?tc!.inc moment ,rao sllpa*ly nore positive for the 
higher 3eynol la number ?on1.!tion.   For the plain wine *n* increase 
in He:"noido n .inter causei a redvatlon in   CT^   of about 0.0>*. 

The wlnr °rhibited tmUtOf nonlinear lift characteristics. 
For the wlnp vi+Uout flaps the lift-curve -lope Increased from a 
value of 0.053 at jero lift to a value of 0466 at   Cr, • 0.55 and 
then <iecreai'ed as tho and a of attesk war increased.   The low lift- 
curve slope of this win? Oft low ancles of attack is attributed, to 
a la^pe degree, to the low aspect ratio of the wing,  inasmuch en the 
lift-curve slope celcvlated from two-di«en::ional data for a corre- 
sponding unraront win' of the same aspect ratio la within 10 persent 
of th« observe'' clop*.   The maximum lift coefficients were about O.ftJ 
for tho rlain './In" and 0.95 for the wine vJth nplit flaps.    It io of 
interest to noie that the .rrxlmini lift coefficient for the plain 
wing was htfljH* by approxtiartely 0.1? then that obtained In two- 
dimensional tests of a similar profile (reference U). 

The pl^chiniT-moment enrvns of the wing (f!.3. 6) wore alr.o 
nonlinear and the variation of the longitudinal- stability parameter 

(•-*] with llf+ coefficient. wr:n lOFgi (flt< 16).    In tho cane of 
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the plain wing, at zero lift the slope of the pitchlng-moment curve 
VUG positive and at    Cj, % 0.20    to 0.50 the wing became neutrally 
stable or slightly stable•    A large unstable variation of the 
pitching memcut occurred between   CJ^w 0.50   and    CT     .   end at   Cr 

a Btuble vorltttoa. WU-J cbtsined.    The pltrhirc-ncxieiit variation for the 
flapped wing was similar to that of the plain vln.-.    Examination 
of the stall studies (fig-  '>) associates the onset of the destabi- 
lising effect with tx rough und c-tellcd rerion at the wing tips* 

The drag coefficients vero very ;•.!.;•'. at moderate to high 
lift coefficients.    At e^uel vali'03 of iift coefficient above 0.6 
the drag of the win? with flaps was love;- then that of the plain 
wing-    It ohcull be pointed out that initial sbullinr began at a 
considerably higher lift coefficient !"«• the wing with split flaps 
ac ccjrtpij-ed wM-.i tne plai;. wing, cr-d oonceq/atntly the large increases 
in drag occurred lp.ter-    From figure 15 it uay be Been thai, for 
the uoruafu conditions,  the cclculated elafclai spued 1B high at all 
fon.iird speeds for both the plain wing Hi winp; with split flaps. 

C'-BT.urlBon with G -cer'.og rlnr.- A ccnpurJr'.in between the 
chore7tcriEtien of -cho win* described he-'eii: Ml a winr of nearly 
identical i-luii form but ir-.-nrporatlng HACA (3^-lJX: airfoil rections 
(reference 1)  io presentee* in figure 7-    The results ehw that the 
aerodyntalc characteristics of the MO winna differ grevtly in 
ce/eral inportont rtBpectu BotolfbHOnllMJ fefca near identity in 
plan form and that the characteristic:; of the circular-arc ving 
t.re much inferior to those of the NACA u^-112 wing. 

The data show that much hiphcr mr-xlrum lift coefficients and 
considerably lower drag ccei'flcients MM realize! for the Gf-series 
wing.    The flap ofdOOttMMH at   CT was also much greater. 

For the 6U-seritc wing n'.' lvrge change o in stability occurred up to 
maximum lift, and at maximum lift the pitching moment broke in an 
unstable direction.    On the other hand. fairly large changes in 
stability through the lift :engc end a oMUo variation in the 
pitching :.-•.'._:•. Qt high 1 j. -icn of attack were noted for the 
circular-urj wing.    The linear character Of the lift and pltching- 
moment uurvec up to   CT ior the 6!+-8trica wing lndicutoB a 

different   stall progression from that experienced by the wing with 
circular-ore sections.    For tho latter wing, otclling began at a 
relatively IJW lift OOOfflolOM at the loading edge of the wing 
tips and gradually spread rcerwru and Inboard;  a', -.lli.r: in the 
case of the Ot-eei-ica wiry* (reference l) occurred suddenly near 

IB 
a.id encompassed the entire outer half of the wing. 
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Leading-Edge Flap Investigation 

The force and stalling characteristics of the wing were improved 
by addition of leading-edge flaps to euch an extent that reasonably 
good characteristics vere obtained. The effects on the characteristlca 
were nearly the name for wither flat flapp or curved flaps. 

Force charactorlatlcn.- The effect of the lendin<s-ed|7e flaps 
reparation of thf flow to a hlrher an.,l<? of attack, 

extended until a maximum lift 
was to delay 
'."he lift curve,  accordingly, war 
coofflciont of ipproxlmntcly l.lfl fo* the winp vithoi't split flaps 
was attained (fit;. %); the nhapo of the lift rurve nenr maxlaioa lift 
was yery aimiler to that of the wine without. le-'lin^-o'lf»o flaps.   The 
maximum lift coefficient with split flaps wnr n^xmt 1 .'iP (f;^, 9), 
hut the lift curve broke more sharply at   Cj-^-   than wno the caee 
without leadin/r-edTP flaps. 

The addition of leallnfj-odpe flaps reii'ced the   Ira." confident 
at lift coefficients above 6.U and O.f1? .?or the elaln win? rail wing 
with split flaps,  roopectivnly, however,  the I*-*? coefficients of the 
wing with leP.dlng-ed*e flaps were at 111 hi 4i *n the res^n of max'mum 
lift.   In terms of atrelane Killing chir-aetpristlcr: (fie, 1?)  the 
leading-edge flaps, besides reduclr-  the >..1.111!V syootl i-mrll.rWy, 
reduced the sinking speeds at lift coefficients iv^rrtsp.^nilri" to the 
approach condition.   The values of n'.nkin^ LPBO'I .'btainid wit\ 
leadlng-odfto flap are, for the assumed -ondltlonB,  in exc«nr of the 
maximum value of ?5 feet per second recommended in reference r>. 

The main effects of the londlng-e<lt^e flapn or thr. p!tchln«{- 
moment characteristics were the elimination -if tip lnr.3 •  laciuaao 
la atability at moderate to high angles of attack that occurred 
with the basic vin«, and a ralueticn in ntabllity in the low lift 

coefficient range.   The variations of with   CT    for the 

wing with and without loadinp-edge flep3 (fi<j. 16) give aome idea of 
the magnitude of these changes in etab.'l.ity.   Above   CT the 
pitching moment of the wing with leadlnr-edge flaps variel in a 
stable direction. 

The characteristics of the circuTir-'irc wing with loading-edge 
flaps were 'iuite similar to those of the oU^-HS ,,^n(, jn ^ jilmllar 
configuration (reference ?) with respect to    CT^      an! with renpoot 
to the variation of pitchlnfi-moment rocffloiont with lift coefficient 
at high angleB of attack.    (Soo fi>;. 10.)    The drag coefficients of 

*••» 

1 

••i 
J 



r n 

10 HACA RMMO..LTT.23 

the circular-arc wing, however, were considerably greatei1 than 
those of the C^-112 wing. 

ftfcfJ3Jjgf, charactcrir'tl-js. - In cont .-act to the early tip atullir'.g 
of the basic wir.g, stalling of the ving with le.-iding-edgo flaps . 
occurred lnltieJJy in the veglor. near the root (fig. 11?, BO fetal 
no loss lu stability occurred throughout the lift range.    At 
moderate lift coefficients rough How originated behind the iabowd 
end of the lead5ng-tdge flap,    AS the angle of attf.ck vcr. increased, 
the rough flew spread both Inboard and .jutbowd, while che BOTtlon 
of the wing directly behind the inboard end ci' the flap bectcie 
stalled-    The c .; llc-l are? then broadened, soring inboard at a 
faster rate than it progressed outboard.    At ^xinta lift the center 
section of the wing wuc alj&ort ccsripletely stclled.    \7hen the a_J.lt 
flaps and i'lit leading-edge flaye were on (-1.%  li(t)), '.he tips of 
the wiry stalled Kt epprjxiaately the MM tine ao the • oot 8ev.ti.-iis 
causing a eudden loes in lift after   CT MM retched.    For the 

ctane condition with cwved leading-edge fl^pr  -.in, tip etulliiw war 
not obtelned and the atoll progression WM sin-llar to that shown 
in figure 11(a). 

Iffect8 of Fueelage 

Bmi-; wir.7.- ,>r. ch-.wn in figure 12, the addition of the fuselage 
in arc 0s the three verticrei pocisionr to the  .lain wing caused no 
larpe changes in the wing OharoetoriStlOOi    .-• nli^rt increase in 
Cj^      was obtained with the high   Mio. sU/'viug   B.-j•a^!genf!nt!•.    'i'ho 

lnsreaent in drag ur  aevo ll.'t was about 0<0090 ami. ;her. decre'sed 
at highe • lifto.    As noiniJlj would be expected she fUOOlogl 
produced • •MMMfeaO destabilizing effect throughout ti40 lift 
range,    (fee fig. 17-) 

Tor the wing with cut-out rplit flaps (fig.  13)  the iiddltion 
of the fuselage,  Q3 in the c*.ae of the plain Vlaajj did BOt produce 
any unusually lnrgo chcjige-s in the characteristics of the wing. 
It is evideut, however, that the high-wing. 0B& iddvl&g v.: rungenenta 
haft lette:- lift and dre«5 characteriEtioa than wither the 1/j-ving 
arron/»tEent or the fujeluge-ct'f condi11ion.    XMBaVOB as tlie center 
section of the flapc wea removed for' ther-o tests, tlie incroaco in 
lift, and reduction in dru^ wqpej. icn:eu when the fuaolagi wan in 
the high BBft midwing positions may VCKUIG frca. illovlat.ion of the 
depr«>ar'.lon of the span louding caused by the Bay cut-out.    In fact, 
the chMMcte.-iotlcK for theae two er.-angenentci r.pproach thoue of 
the fueeluge-of: awangement with the flaps continuing into the 
root section (fig. 9)• 
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Wing with lee.dinr.-edge flaps.- The character)Bties of the 
midwlng-fuselaco eoribination with flat leadln^-edgo flaps differed 
in several important respects from those of the wing without the 
fueelace.    (See fig. lU.J    The maximum lift coefficient with spl:'t 
flaps off vae increased from 1.19 without, the fuselage to 1.U0 
with the fuselage whereas for the wing with split flaps there was 
little chance.    The reason for> this large difference in fuscleeo 
effects.on the maximum lift coefficient of the wir.g with and without 
split flaps is not clear, and insufficient data r.re available to 
analyze fully ;.he effects.   The drag coefficients, with split flaps 
on and off, were noticeatly reduced ty the addition of the fuselage. 
At vjry high ancles of attack on wotahle pitching moment occuri-ed 
with the fuselage on, in contrast to the stahle uomer.t ctt'lnc:' 
without the fuselage.    The reason for thi3 change in pitching 
ziocent at high angles of attack cen hoot, he explained 'by rofe^'ence 
to the stall studies preeented on fif-u.-e 13.    It is apparent thit 
the fuselage prevonted the stall from enveloping tho root sections 
until finally tho wins: t<pa co:tionced to aiall; tho +ip slell 
p;*oduced the unstable pitching .T.oir/>r.t pieviouoV.' rantionod. 

It should te pointed out that, data on the KACA CU^-llE win-; 
in inference ~ surest tho possiMl'ty that the •fMMBliCMfl 
unstable pi' ch.lng-iao ent variatior. et the still sil^lit fce •ItataMted 
hy oi^ho • a chenrjo lr. fuselage posl'ior. or a -.-eduction in tho span 
of tho lcad< r.rj-ed;./? flap. 

coEciiriCTf:- 

From tho result.:., of the ir.vcntl-at'on in the Lnn/Osy V.'.foot 
p-emuro tunnel of a 1;2° swepttocV: w!r.'; vlih thin s^arv? oicf.l 
circular-arc airfoil eeetions,  the follovlr.g concluiiia.s raey te 
d.-ovn: 

1. The character!sties of the besie v1n<;, f-0.1 lov-cpecA 
consideration!!, were poor. 

2. Maxio-in lift, coefficients of shout 0.T5 urd 0*99 wevo 
ohtalrod for the pluln wine an* fo»" 1nf! •*•§ vi'h }r If-rpur. split, 
flfos, respectively. Large unstable va.-iai-.1ons in pitching moment 
caused fcy tip ctalling   an.".. appreciuVl« increases in J-a,- ocrui—ud 
at mode-ate angles of attack, 

3. Tho wine with leading-ed.-^e flatin oxhlM^oe' VMMHMj §004 
characteristics.    The addition of leadin,;-ed(;,o flaps increased   CT 

to L*XB for the wing without rpl'*  flaps -ind to l.S? for tho vim., vith 
split flaps and eliminated the larqo unrtahlo variations in pltefctag 
moiseni. >>y delaying stalling over tho outboard section*! of MM w'.iv , 

• i 
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k. A fuselage located In the lowing, midwing, end high-wing 
positions produced no large effects on the characteristics of the 
basic wing-    For the wing with leading-edge flaps the variation 
of the pitching moment near maximum lift was reversed from a stable 
to an unstable condition by the addition of the fuselage in the 
middle position. 

5- A variation of Reynolds number frcm 3.09 x 10^ to 9-60 X 10° 
hod no appreciable effect on the '-hnracteristlcs of the wing. 

6. A comparison of the basic wing characteristics with thqpe 
of a Gt^-llE aweptback wing with nearly Identical pltn form revealed 
that, frcm lew-speed considerations, the circular-arc wing was 
decidedly inferior in meet respects ti the -3»-series wing.    With 
leading-ed/^e flaps the characteristics of the two *ri.ngs aor« nearly 
approached each other, although the dreg of the cl-culer-arc wing 
was still considerably higher than that ox' the <3;-Beri»s wing. 

Langley Memorial Aeronautical Laboratory 
National Advisory Coaaittee for Aeronautics 

Langley Field, Va. 
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k- A fuselage located In the low-wing, mldwing, end high-wing 
positions produced no large effects on the characteristics of the 
vealc wing-    For the wing with leading-edge flops the variation 
of the pitching moment near meiXimuiu lift was reversed from a Etable 
to an unstable condition 'by the addition of the fuselage in thn 
middle position. 

5- A variation of Reynolds number frcm 3-oy x 10$ to 9-60 x 10^ 
bad no appreciable effect on the fhnracteristlcs of the wing- 

6. A comparison of the basic wing characteristics with thqpe 
of a 6^-ll£ sweptback winy with nearly iaer.ticul plan form revealed 
that, frcm lcw-apeei csneideratians, the circular-arc wir^g was 
decidedly inferior in mcel respects to the ^-aeries wing-    With 
leading-ed/-e flaps the characteristics of the two wings mor« nearly 
approached each other, although the dreg of the ei.culpr-orc wing 
was still considerably higher than that of the &-Beri»e wing. 

I*ngley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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. TABUS I 

TUKEIAGE O^DUIATES 

• Dlmerujions In inches! 

Diotance 'behind Fut'eloge 
fuc-el.--«e nc-se diuneter 

0 0.20 
18.00 9-8U 
22.05 11.80 
27-39 13-Ao 
3"*-56 15-& 
W.35 16.60 
b6.00 I6.80 

112.00 •    16.80 
122.00 16-32 
132.00 1U.90 
1U2.00 12.52 
151-20 9-1*6 
162.00 U.78 
170.95 0 
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TABU TI 

SOMMARY OP THE CHASACTERTSTTCS  OP A CTRCirLAR-ARC U2° 

SWBWBACr WTN1 WTTH VARI-"VS  FLAPS 

Hap cl«x (dag) 
D/L at 

C_ curve 
Figure 

no. 

a.  "Infl 

Split 

mt 
leading edge 

Flat leading 
edge and split 

0.85 

•95 

1.19 

1-55 

20.0 

lll.O 

2U.1; 

21.5 

0.208 
.1 

KSa« 

• 195 

.190 

.216 

' — -»        » 
4     1.0   1.5 

-H 1——* 

b. Flnp-fuaelege combination; nldwlng position 

Split 
(out-out) 

Flat 
leading edge 

Flat leading 
edge and split 

0.89 

1.00 

1.1*0 

1.50 

20.0 

17.0 

21*.5 

21.5 

0.226 

.226 

.202 

.190 

-•^/V 

12 

15 

ll« 

lb 
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Rgurt l.-Skttch of  wing  and fuMtago.   Wing anM,4728sq.in.| 
otrodynamie   chord, 35.SI In. t aspect ratio, 3.94. 
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Rgurtl.-Skttch  of  wing  and fuMtogt.    Wing area ,4728iq.in., 
aerodynamic   chord, 35.31 In. , aspect  ratio,3.94. 1 
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cantmuoai split Rap 
cutout split /tap 

<J«.A-A 

Figmo 3 .-Schmotic  drawing of high Hff duriooo 
for 4B* swept-bock   wing. 
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(a)   Flat leading-edge flap. 

(b)   Curved leading-edge flap. 

Figure 4.-   Leading-edge flap installation on 42° sweptback wing. 
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Figura 3 .-StoDing 
R- 8.20x10*. 

C^O.95    QC-I 

(b) SpHt flops on." 
of o 42* twoptbock wing. 
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la) Split  flop* of. 

Figura 11. -Stalling    characteristics   of   a   42° sweptbock  wing  witha   flat leading-edge flap R"532*I0". 

(c)Midwing   fuselage and 
split flaps on 
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-I 

Pleura  16.- Variation of (dCn/dC^jyjj with lift coaTflclant fop a J|2« 
awapttmck wine with and without a flat le»dlnr«adga flap. 
R =  5.32  * 10". 
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Figure 17.- Variation of (eUVd^J-y.   *ith lift caefflcient for a Uz° taapt 
back wlnr for aaveral nrlnr-fuaelm-e arrangamen ts.    fl = 8.2  x 106. 
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Too types of leading edge flaps, a flat and a curved flap, were used to investigate the 
possibilities of improving the loo-speed characteristics of snept-back wings.    Addition of 
leading edge flaps increased maximum lift coefficient for wings, with and without split 
flaps, and eliminated large unstable variations in pitching moment by delaying .stalling 
over outboard wing sections.    Comparison tests showed circular arc wings decidedly inferior 
to the 64-series wings of same plan form. 

» Wings - Stalling characteristics (99179) 
NOTE:    Requests for copies of this report must be addressed to:    N.&.C.A., 

Washington. D^_C. 
T-2, HQ, AH MATEOta COMMAND "ZSTVECKNXAI. OWKR WKCMI naj>. coco, USAAF 



rarar<raoa(s)ta<is} 
Neoly, Robert H. 

i Koven, William 

AUTHQ3(S) 

\/i-tU.A^ 

,1- l>namics (2) 
SECTION:    flings and Airfoils  (6)    ',    i 
CHOSS 0EFBKNCE5. Airfoils, Circular arc (08246); Wings, 
Suept-back - Aerodynamics (99305.2)j Wings - Pitching 

Rmoment characteristics  (99173.8);Q 

RH L7E2S 
DEVIStOM 

FOSCN. 1 

Loo-speed characteristics in pitch of a 42° snept-back wing nith aspect ratio 

OQIOINATOjG AGtNCY,    National Advisory Committee for Aeronautics, Washington, 0./Cf uVl 
ITOANSiATWN, 

COUNTRY 
U.S. 

POG-NXXASa  U. 
I at 

1 PAGES I IUUSTI LANGUAGE SJCIASS.    OATS 

Restr.      ilov'47 
FEATUOES 

tables,  graphs._drBKS— 

Too types of leading edge flaps,  a flat and a curved flap, uere used to investigate the 
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